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Abstract 
Objective: To compare antibacterial efficacy of various surgical hand preparation 


protocols used by veterinary students. 


Study Design: Prospective, randomized, controlled study. 


Study Population: Forty-five third-year veterinary students 


Methods: The participants were randomly assigned to the following groups for hand 
preparation product and time combinations: non-abrasive hand scrub method with 4% 
chlorhexidine gluconate (CH); hand rub with a mixture of 30% 1-propanol and 45% 2- 
propanol solution (MPS); hand rub with 70% 2-propanol solution (IPS); or hand rub with 
61% ethanol solution and 1% chlorhexidine gluconate (ES/CH). Each of these four groups 
was subdivided into three conditions, based on contact time: 1.5 min, 3 min, or 5 min. 
There were thus 12 conditions overall. Each of the 45 participants was randomly 
assigned to four groups in turn. Antibacterial efficacy was assessed by comparing 
bacterial reduction and culture rate of gram-positive, gram-negative, coagulase positive 
Staphylococcus spp. and spore-forming bacteria after surgical hand preparation and 
after the students had performed surgery. Log reductions of total bacteria colony- 
forming units (CFU/ml) were compared using multivariate analysis of variance. The 


culture rates were compared using multivariate logistic regression. 


Results: Immediately after surgical hand preparation, CH and ES/CH provided 


significantly greater bacterial count (logCFU) reduction, and lower positive culture rates 


for gram-positive and spore-forming bacteria, compared with MPS and IPS (P « 0.05). 


Increases in contact time did not provide significant improvement in bacterial reduction. 


By the end of surgery, ES/CH provided significantly greater bacterial count reduction 
compared with IPS, and lower positive culture rates for gram-positive bacteria, 
compared with the CH, MPS and IPS groups (P « 0.05). An increase in contact time 
significantly improved logCFU reduction in the ES/CH and MPS groups (P < 0.001 and P = 


0.023 respectively.) 


Conclusions: ES/CH hand rubs or CH scrubs for surgical hand preparation are 


recommended for veterinary students. 
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1 INTRODUCTION 


11 Introduction 

Surgical site infection (SSI) is a major post-operative complication in both 
human and veterinary medicine. Such infections lead to delayed wound healing, 
prolonged hospital stays, increased use of antibiotics, increased medical costs anda 
potentially fatal outcome.!? Unintentional transfer of microorganisms to patients 
during surgery is a cause of SSI. Although wearing sterile gloves helps to prevent the 
transfer of microorganisms from the hands of surgical team members to the patient, 
gloves often become perforated. A recent study showed that at least one glove 
became defective in 26.2% of surgical procedures at a small animal referral hospital, 
and only 30.8% of the glove punctures were noted by the wearer.? The rate of glove 
perforation is even higher during large animal surgeries, with at least one glove 
becoming defective in 66% of surgical procedures.* Therefore, proper surgical hand 


preparation is regarded as an important step for prevention of SSIs.1.2° 


Surgical hand preparation methods have evolved gradually since Joseph Lister 
first demonstrated the efficacy of carbolic acid for skin disinfection in 1867.6 
Currently, aqueous scrub with 4% chlorhexidine (CH) detergent and alcohol-based 
hand rub (ABR) are both recommended by the World Health Organization (WHO) 
for surgical hand preparation.’ In recent decades, the recommended scrub time for 
CH has decreased from 10 min to 5 min. The use of brushes is no longer 
recommended because of reported skin irritations and micro-abrasions, increased 


bacterial colonization®’, poor compliances!, and excessive water and solid waste.!! 


Alcohol-based hand rub products contain short-chain alcohols as the primary 


active ingredient, most commonly isopropanol and ethanol. Long-acting compounds 
such as CH or quaternary ammonium compounds may also be included in the 
formula. The use of ABRs has resulted in reduced preparation time, cost and water 
usage,!! and ABR products are reportedly at least as effective as CH.!? Although 
frequently marketed as a waterless hand scrub, an initial hand wash is with soap 
and water is recommended by the WHO to help remove any soil, blood and bacteria 


spores prior to applying ABR.” 


The recommended contact time for surgical hand preparation using a mixture 
of 30% 1-propanol and 45% 2-propanol solution (MPS) (Sterilium®, BODE Chemie 
GmbH & Co. KG, Hamburg, Germany) is 1.5 min. For 70% 2-propanol solution (IPS) 
(Manorapid®, Antiseptica Chem.Pharm. Produkte GmbH, Pulheim, Germany), the 
recommended contact time is 3 min.? A contact time of 1.5 min is recommended for 
a product containing 61% ethanol solution with 1% chlorhexidine gluconate (ES/CH) 
(Avagard®, 3M, Saint Paul, MN). Because of the varying recommended application 
methods and contact times?!^, the use of ABR might be more prone to error than CH 
scrub.? To help prevent confusion, WHO proposes a standard application method 


and suggests that users follow the contact times recommended by manufacturers.’ 


Alcohol-based hand rubs are rarely used by veterinary surgeons; 79.9% of 
veterinary surgeons still use only disinfectant soap or scrub for their surgical hand 
preparation.!5 With the increasing acceptance of surgical hand rubs, it is crucial for 
veterinarians to be familiar with the techniques and for a good standard of practice 


to be established in veterinary medicine. However, the author observed that most 


veterinary schools in North America do not provide training in proper ABR 
application during the curriculum. Before surgical hand rubs are brought into 
educational settings, the efficacy of ABRs and the effect of extended contact time 


require further evaluation. 


1.2 Objective and hypothesis 

The purpose of this study was to evaluate the antimicrobial effect of four hand 
preparation products - CH, MPS, IPS and ES/CH - at the recommended and 
extended contact times, among a group of third-year veterinary students. The study 


had several objectives: 


e To compare the reduction of bacterial colony-forming units per milliliter 
(CFU/ml) on the hands of third-year veterinary students, after they had 
prepared their hands for surgery using various products. 

e To compare the effect of an increase or decrease in contact time - between the 
hands and the hand preparation products tested - on the antibacterial efficacy of 
those products. 

e To identify bacteria cultured from hands before and after surgical hand 
preparation, and to compare the results for different surgical hand scrubs. 

We hypothesized that at manufacturer-recommended application times, 
commercial surgical hand rubs would reduce the bacteria count and the culture rate 
of gram-positive, gram-negative, spore forming bacteria and coagulase positive 
staphylococcus as effectively as the non-abrasive CH hand scrub technique, among 


veterinary students. We further hypothesized that an increased contact time with 


surgical hand preparations would provide additional reduction in bacterial counts 


and culture rate. 


2 LITERATURE REVIEW 


2.1 Surgical site infection 

Surgical site infection is one of the most common post-operative complications. 
In human medicine, approximately 2 million nosocomial infections occur annually in 
the United States and 15% of these are SSIs.16-1? Depending on the surgical 
procedure, SSI occurs in 0.8% to 40 96 of small animal surgery cases?925 and in 8.3% 


to 52% of equine surgery cases.?6- 2728 


The US Center for Disease Control and Prevention has developed standardized 
surveillance criteria for SSIs. The infections are categorized as being either 
superficial, deep, or organ / space infections.?-?? According to the definitions, the 
diagnosis of SSI is based on clinical symptoms and does not require a positive 


culture of infectious organism. (Table 1). 


In general, morbidity from SSI correlates well with the severity of infection; 
however, clinically even minor SSIs can cause severe morbidity.?? The most severe 
complication due to SSI is mortality; approximately 3896 of deaths among human 
surgery patients are attributed to SSI.!93031 A comprehensive case-control study of 
225 matched pairs of human patients, with and without SSI, showed that infected 
patients were twice as likely to die during the initial postoperative hospitalization 


compared with uninfected patients. 


Surgical site infections also cause increased hospital stays and related health 
care costs.153132 A recent human study reviewed 16 cost analyses and showed that 
health-care costs for patients with SSIs were twice as high, and hospital stays were 


9.7 days longer, compared with patients without SSI.33 Additional diagnostic tests, 


therapeutic antibiotic treatments, and surgery all increase the medical costs by an 
average of $20,842 per admission. Annually, additional hospital costs due to SSI in 
the US exceed $900 million, and hospital readmission due to SSI accounts for an 


additional $700 million in health-care spending.34 


In veterinary medicine, the economic and patient impacts of SSI have been less 
studied. The tibia plateau leveling osteotomy (TPLO) procedure is a common 
procedure performed to treat canine cranial cruciate ligament rupture. Surgical site 
infection after TPLO resulted in a significant increase in postoperative costs and an 
average of 4.1 additional rechecks, compared with TPLO without SSI. ? In horses that 
underwent long bone fracture repair, cases without SSI were 7.25 times more likely 
to be discharged from hospital; that is, horses with SSI were 7.25 times more likely 


to be euthanized while hospitalized.? 


Table 1 Center for Disease Control definitions of surgical site infection 








Superficial Incisional Within 30 days after surgery. 

SSI29,35 Only skin or subcutaneous tissue infection. 

AND at least one of the following: 

1. Purulent drainage from the incision. 

2. Organisms isolated from tissue or fluid culture. 

3. At least one of the following: pain or tenderness, localized 
swelling, redness, or heat; and superficial incision is deliberately 
opened by surgeon, unless incision is culture-negative. 


4. Diagnosis of superficial incisional SSI by the surgeon or 














attending physician. 





Deep Incisional SS12235 


Within 30 days, or 1 year with implant. 

Involves deep soft tissues (eg, fascial and muscle layers) at the 
incision point. 

AND at least one of the following: 

1. Purulent drainage from the deep incision. 

2. A deep incision spontaneously dehisces or is deliberately 
opened by a surgeon because of fever, localized pain, or 
tenderness, unless site is culture-negative. 

3. An abscess or other evidence of infection involving the deep 
incision. 

4. Diagnosis of a deep incisional SSI by a surgeon or attending 


physician. 








Organ / Space SSI2?:35 





Within 30 days, or 1 year with implant. 

Involves any part of the anatomy (eg, organs or spaces) that was 
opened or manipulated during an operation. 

AND at least one of the following: 

1. Purulent drainage. 

2. Organisms isolated. 

3. An abscess or other evidence of infection on direct examination, 
reoperation, or by histopathologic or radiologic examination. 

4. Diagnosis of an organ / space SSI by a surgeon or attending 


physician. 








2.1.1 Incidence of surgical site infection in veterinary medicine 

Several veterinary retrospective studies have reported SSI rates, both the overall 
infection rate and procedure-specific infections. The overall infection rate for all 
surgical procedures was between 3% and 696.5937 Orthopedic procedures in small 
animal patients, including TPLO, have a reported SSI rate of between 1.396 and 
21.390.393? [n horses, orthopedic procedures - specifically long bone fracture repair 
- has a reported SSI rate of 28%.?” Owing to the retrospective nature of these 
studies and the lack of active prospective surveillance, the actual infection rates 


might be higher (Table 2). 


Table 2. Incidence of surgical site infections in veterinary medicine 





























SSI incidence 

Species Reference 
Surgical procedure(s) (%) 
Various 0.8 - 5.9 3740,41 
Clean procedures 2.5-4.5 3037 

Dog, Cat | Clean-contaminated procedures 4.5 i 
Contaminated procedures 5.8 37 
Dirty procedures 18.1 - 40 ae 

Dog Total hip replacement 3.1- 10 42,43 
Cemented total hip replacement 1.3 44 
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TPLO 2.9 - 21.3 25,38,39,45-48 
Laparoscopy and video-assisted surgery | 1.7 ae 
Extracapsular stifle stabilization and 

6.1 49 
TPLO 
Tibial tuberosity advancement 2.6 50 
Clean orthopedics 8.3 26 
Clean-contaminated orthopedics 52 i 

Horse 

Long bone fracture repair 28 27 
Carpal arthroscopy 0.05 51 
Laparotomy 25.4 40 
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2.1.2 Risk factors for surgical site infection 
The risk factors for SSI have been extensively investigated in both human and 
veterinary medicine. Several risk factors are correlated with SSI; these can be 


categorized into procedural, patient and environmental factors. 


2.1.2.1 Characteristics of the procedure 

The nature of a surgical procedure can have a profound impact on the patient’s 
risk for SSI. The National Academy of Sciences and the National Research Council 
have developed a wound classification system based on the level of contamination 


of the wound, as follows: 


(1) Clean procedure: non-traumatic, non-inflamed operative wounds in which 
the respiratory, gastrointestinal, genitourinary and oropharyngeal tracts are not 


entered. 


(2) Clean-contaminated procedure: operative wounds in which the respiratory, 
gastrointestinal, or genitourinary tract are entered under controlled conditions, 
without unusual contamination; or an otherwise clean wound into which a drain is 


placed. 


(3) Contaminated procedure: open, fresh accidental wounds; procedures in 
which gastrointestinal contents or infected urine is spilled; or a major break in 


aseptic technique occurs. 


12 


(4) Dirty procedure: old traumatic wounds with purulent discharge, devitalized 
tissue or foreign bodies; procedures in which a viscus is perforated or fecal 


contamination occurs.31,40,41,52,53 


For the overall infection rate, a strong relationship exists between the escalating 
wound classification and subsequent SSI. In small animal surgery, clean surgery has 
a reported infection rate as low as 1.3% whereas the infection rate for dirty surgery 
is as high as 40%.?¢ The SSI rate was reported to be even higher for large animal 
surgery. An SSI rate of 8.3% for clean surgery and 52% for clean-contaminated 


procedures was reported for equine orthopedic procedures.?^ 


The reported infection rate among orthopedic procedures varies.2538,39,45-48 
TPLO procedure has a higher reported infection rate than orthopedic procedures.*® 
Other procedural factors that are reportedly associated with an increase in SSI 
among veterinary patients are prolonged anesthesia time and surgery time?”*!, use 
of non-locking implants in TPLO procedures^6, and lack of appropriate perioperative 


antibiotics.*° 


Studies in human medicine with regard to procedural risk factors have shown 
similar results to those of veterinary studies. However, drain placement and early 
suture removal have been reported to be associated with increased SSI rates only in 


human medicine.335354 
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2.1.2.2 Patient characteristics 

Patient characteristics such as pre-existing disease status and pathogenic 
bacteria colonization are potential risk factors for SSI. Risk factors identified in 
human studies include - but are not limited to - diabetes, cigarette smoking and 
obesity.3?Separate from its association with diabetes, obesity poses an independent 
risk for SSI. Cigarette smoking interferes with primary wound healing, possibly as a 
secondary result from constriction of peripheral blood vessels, leading to tissue 


hypovolemic and hypoxia.?? 


Among small animal surgical patients, obesity and intactness in males were 
identified as risk factors for SSI, and endocrinopathy was associated with an 8.2-fold 
increase in the likelihood of developing SSI.41 Among horses, animals with heavier 
body weight and increased pack-cell volume were significantly more likely to 


develop SSI after laparotomy.?8 


Colonization by multi-drug resistant pathogens has gained substantial research 
interest in recent decades. Methicillin-resistant Staphylococcus pseudintermedius 
colonization is associated with an increase in SSI after TPLO surgery in canine 
patients.55 Staphylococcus aureus colonization, found in the nostrils of 20% to 30% 
of healthy humans, has been strongly implicated as a predictor of SSI involving S. 
aureus. Human patients colonized with methicillin-resistant S. aureus (MRSA) are 9 
to 12 times more likely to develop MRSA SSI after soft tissue surgery5557 and 10 


times more likely to develop MRSA SSI after orthopedic surgery.5? 
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2.1.2.3 Environmental factors 

Environmental factors include the hospital environment and the patient’s own 
skin environment. The hospital environment can be a source for the acquisition and 
spread of pathogens. Pathogens such as Staphylococcus. aureus, Enterococcus 
species, Acinetobacter species and Clostridium difficile can survive on environmental 
surfaces for weeks or months.125960 These pathogens can be transferred from 
patient to patient, from hospital staff to patient or vice versa, and from 
environmental surfaces to the patient or hospital staff. Several studies have also 
identified the airborne route as a significant exogenous source for intraoperative 
surgical wound contamination.®!°2 The presence of many people in the operating 


room is also reportedly associated with SSI contagion.6? 


Bacterial colonies on the skin of health care personnel can be a source of SSI. 
Three principal types of skin floras have been described as present on human skin, 
namely resident flora, transient flora and infectious flora.9^65 The resident flora, 
such as Staphylococcus epidermis and Staphylococcus hominis, are often found on the 
surface of the skin or under the superficial cells of stratus corneum.9967 These 
bacteria are usually non-pathogenic but may cause infection in sterile body cavities, 
in the eyes or in non-intact skin. Unlike resident flora, the transient skin flora - such 
as Staphylococcus warneri - are found on skin only occasionally. They survive on the 
skin and are occasionally pathogenic.5^68 Infectious flora include bacteria commonly 
isolated from abscesses, such as S. aureus or beta-hemolytic streptococci. The 
infectious floras are highly virulent and often cause disease9?0, although they are 


usually present on human skin only transiently. However, it has been reported that 
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the hands of about 36% of doctors and about 18% of nurses in human hospitals are 


colonized with S. aureus.7172 


The most common transient and infectious flora on the hands of hospital 
personnel, which may lead to nosocomial infection, include S. aureus, Enterococcus 
spp., Escherichia coli, Pseudomonas aeruginosa and Clostridium difficile. Clostridium 
difficile, a spore-forming bacteria, is less commonly observed in SSI but commonly 
seen in nosocomial infections with gastrointestinal manifestation. Bacillus cereus 
has been reported to cause nosocomial infection in human neonatal intensive care 


units.73-75 


The dynamic relationship between the size of bacterial inoculum, the virulence 
of the bacteria and the resistance of the host can help to explain the inherent risk of 


SSLI.!7 The relationship can be depicted as follows: 


Risk of infection = Contamination x Virulence / Host Resistance 


This equation may be an over-simplification of the risk factors for SSI, but it is 
useful when considering pathophysiology or prevention. Any bacteria, when present 
in a large amount (increased contamination), or in a small amount but with high 
virulence, or present in patients who are immune-compromised (decreased host 


resistance), can potentially cause SSI. 


2.2 Strategies for preventing SSI 
Owing to the morbidity and expense associated with SSI, preventative strategies 


are strongly emphasized. In human medicine the recommended guidelines are 
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thorough, in the hope of targeting procedural, patient and environmental factors. 35 
Such guidelines have been adapted to veterinary medicine; they include patient and 
staff preparation and proper operation-room behavior.’®78 However, few of these 
guidelines have been validated in the veterinary environment. They are discussed in 


the following sections. 


2.2.1 Patient preparation 
Prior to surgery, the patient should be evaluated for pre-existing bacterial 
infection or systemic disease. If possible the surgery should be postponed pending 


resolution of any infection or systemic disease.!7,76 


The skin around the incision site should be properly prepared before surgery. 
The goals of surgical site preparation are mechanical removal of hair, dirt and oil; 
reduction of transient and infectious bacteria (such as S. aureus, S.pseudintermedius, 
E. coli, Streptococcus spp, Enterobacter spp and Clostridium spp); and decreasing 
the residual resident bacterial populations (such as Staphylococcus epidermidis, 


Corynebacterium spp and Pityrosporum spp). 


In both veterinary and human medicine, it is recommended that the hair be 
removed by clipping, as studies have shown that the SSI rate increased if hair was 
removed by shaving.7? 357^ The timing of such hair removal is debated. In one 
veterinary study, the removal of fur before the induction of anesthesia was 
associated with a significantly higher superficial skin infection rate than removing 
fur immediately before surgery.?7 Other studies have found no significant difference. 


23 Similar conflicting results have been reported in human studies.546780,81 82 
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After hair removal, the patient’s skin is thoroughly washed and a final aseptic 
skin preparation is performed using an appropriate antiseptic agent. An ideal 
chemical agent to reduce the microbes on the skin should kill all skin organisms, 
have good residual effect, and be non-toxic and hypoallergenic.’ It should not result 


in significant systemic absorption of the chemical ingredients.’ 


2.2.2 Surgery staff preparation 


2.2.2.1 Surgical attire 

Current practices with regard to attire for surgical personnel include scrub suits, 
proper masks and head covers, and proper shoe covers and shoes. This "uniform" is 
designed to protect surgical personnel from exposure to body fluids and to maintain 
a clean surgical area. The attire has remained relatively unchanged over the past 50 


years and is strictly regulated.?5 


Surgical scrub suits should be made of a tightly woven material. Bacteria are 
dispersed on epithelial cells that break into fragments of approximately 20 um. 
Standard cotton fabric has a pore size of roughly 80 um to 100 um, which is too 
spacious to provide a barrier to bacterial shedding; therefore, cotton-polyester 
materials are recommended.!62? Although no study has shown a relationship 
between the use of scrubs and the incidence of SSI, the human medical guidelines 
still recommend that medical personnel should wear a designated short-sleeve, two- 
piece pant scrub suit in surgery, with the shirt tucked into the pants.9? Veterinary 


surgery textbooks recommend the same attire.?° 
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Masks are made of lint-free material containing a hydrophilic filter web 
sandwiched between two outer layers. The main function of surgical masks is to 
filter and contain aerosolized droplets of microorganisms expelled from the mouth 
and nasopharynx of surgical personnel during talking, sneezing and coughing. 
Masks should be worn whenever entering a sterile area, must be fitted over the 
mouth and nose, and must be secured in a manner that prevents venting.1220,83 
Studies have indicated that wearing masks in the operating room simply redirects 
the projectile effects of talking and breathing to the side of the masks.1931,84 
Therefore, although CFU counts may be reduced directly in front of the mouth, the 
overall operating room CFU counts are unaffected by the use of surgical masks.85-87 
Clinical studies have shown that the SSI rate did not increase when non-scrubbed 
operating room personnel did not wear a mask. Nonetheless, current regulations 
and universal precautions require facemasks as part of the personal protective 


equipment for scrubbed personnel.32,66,58-90 


Head covers such as caps are recommended.20932665? The hair of surgical 
personnel can carry pathogenic organisms such as S. aureus?5?!, and infection 
outbreaks have also been reported to be associated with organisms carried on the 
hair. ?2?3 Human studies have failed to show significant differences in 
environmental contamination measured by CFUs among types of head 


covering.525463,6? Therefore, a regular hair net may be sufficient. 


Sterile surgical gloves should be worn during surgery. Sir William Halsted is 


credited with developing rubber gloves for use in the operating room. The infection 


19 


rate in his hernia repair surgeries dropped from 9.6% to 1.8% after he introduced 
the use of surgical gloves.85 Surgical gloves should be used in conjunction with 
meticulous sterile techniques, as the gloves can be perforated during the course of 
surgery, leading to transfer of pathogens. Studies have shown that at least one glove 
became defective in 23.3 96 of small animal surgical procedures?, 6696 of large 
animal surgical procedures and roughly 1096 in human general surgery 
procedures.?+5966,92,94 Overall, wearing surgical gloves helps to decrease the 
infection rate and can serve as a method of self-protection against body fluid 


exposure; however, gloves cannot replace proper hand preparation before surgery. 


2.2.2.2 Hand preparation for surgery 

Glove perforation occurs in approximately a quarter of small animal surgeries. It 
is more likely to occur during non-soft tissue procedures, in gloves that are worn on 
the non-dominant hand, and during procedures lasting longer than 60 min.394 
Individuals who perform the surgery typically are unable to accurately detect the 
presence of a glove perforation?65??: therefore, the hand bacterial count must be as 


low as possible before the surgical gloves are donned. 


Ignaz Semmelweis first recognized the relationship between hospital-acquired 
disease and the hand hygiene of health-care personnel in the 1850s. He 
recommended hand washing before examining the patients.798295 Nearly two 
decades later, Joseph Lister introduced the concept of surgical antisepsis, and by the 


end of the 19t century the concept of hand sanitization was widely accepted. At the 
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time, chlorinated lime and carbonic acid were used for surgical hand 


preparations.5?96 


The standard surgical hand preparation method has evolved gradually. The ideal 
method should be quick, effective, non-irritating and cost-effective.? Researchers 
and manufacturers strive to find an ideal method and product for hand preparation, 
and there has been a tremendous amount of research in this area. The detail of that 


research is discussed in the following sections. 


2.3 Products for hand preparation before surgery 

The aims of surgical hand preparation are as follows: mechanical removal of dirt 
and oil, reduction of transient bacterial population, and persistent depression of the 
resident bacterial population. Pre-surgical hand preparation has dramatically 
reduced the SSI rate and continues to be necessary even after the adoption of sterile 
surgical gloves. An ideal antiseptic agent would be fast-acting, persistent (effective 
for minutes to hours), cumulative (repeated exposure inhibits bacterial growth for a 
number of days), have a broad spectrum of activity, and be safe to use.»?7 Two types 
of antiseptic solutions are available for surgical hand preparation: aqueous scrubs 


and ABRs. 


2.3.1 Aqueous scrubs 

Aqueous scrubs use a water-based solution that contains active ingredients; the 
carbonic acid recommended by Joseph Lister was a form of aqueous scrub.9? 
Disinfecting the hands with aqueous scrubs requires performing a "surgical scrub". 


The scrubbing process involves first wetting the hands and arms with water, then 


21 


applying solutions using the hands, sponges, or brushes; and finally rinsing the 
hands and forearms under water. Several types of aqueous scrubs - including 
phenolic compounds, iodine-based compounds and chlorhexidine (CH) - are 


discussed here. 


2.3.1.1 Phenolic compounds 

Phenolic compounds induce progressive leakage of intracellular constituents 
and damage the bacterial membrane.” The most commonly used phenolic 
compounds for surgical hand preparation are hexachlorophene and triclosan. 
Hexachlorophene has a high rate of dermal absorption, and toxic effects in neonates 
have been documented; its use is therefore limited.3598 Triclosan inhibits 
Staphylococcus spp., Enterobacter spp. and a wide range of gram-negative intestinal 
and skin flora.9*?? However, many strains of Pseudomonas, Mycobacterium 


tuberculosis and fungi are resistant to triclosan.735,66,85,89,100-104 


2.3.1.2 Iodine-based hand scrubs 

Iodine-based hand antiseptics are effective against a wide range of gram-positive 
and gram-negative organisms, tubercle bacillus, fungi and viruses; they are also 
sporicidal.88-99.105 The mechanism of action is microbial cell death through oxidation 


after penetration of the cell wall.3598 


Iodine has been replaced by iodophors because the use of iodine is associated 
with skin irritation and discoloring. Iodophors release iodine at a slower rate and 
therefore have longer activity than iodine. Povidone iodine (PI) is a combination of 


iodophors (polyvinylpyrrolidone, PVP) and can be prepared as an aqueous or 
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alcohol preparation.®5101,102,104,106 However, PI may be inactivated by blood or 
serum proteins. Systemic absorption of iodine can occur and in rare cases has led to 
iodine toxicosis, but this is usually not a concern when it is used as a surgical hand 
scrub. ? The use of PI as an aqueous hand scrub agent has fallen out of favor due to 
its skin-staining effect and high incidence of contact dermatitis, which other 
available agents do not induce. In addition, PI allows faster bacterial regrowth than 


does chlorhexidine.®?:197 


2.3.1.3 Chlorhexidine hand scrubs 

Chlorhexidine is a cationic biguanide that binds to negatively charged bacterial 
cell walls, altering the bacterial osmotic equilibrium, which at high concentrations 
results in cell death.63.1°8 [t was first introduced as an antimicrobial agent in 1954, 


and exists as either acetate, gluconate or hydrochloride salts.85101,102,104,106 


Similar to iodine-based preparations, CH is commercially available in aqueous or 
alcohol formulations. It displays broad activity against gram-positive and gram- 
negative bacteria, anaerobes, yeasts and some lipid-enveloped viruses. Fungal 
coverage is reduced compared with that provided by solutions that are iodophor- 
based or alcohol-based.635 The activity of CH against bacterial spores has been 


described as sporistatic rather than sporicidal.99,106 


Resistance to CH and other biocides has been observed in strains of S. aureus and 
P. aeruginosa, with genetic linkage through plasmid encoding.99610? Unlike iodophor- 
based preparations, CH is not inactivated by blood or serum proteins. Furthermore, 


it binds to the stratum corneum and displays persistent activity.6692,110 
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2.3.2 Alcohol-based rubs 

Alcohol denatures and coagulates proteins, causes rapid lysis of cell walls, and 
disrupts cellular metabolism.?5 Its effectiveness is contingent on concentrations 
rather than on the type of alcohol used.7:8?.111 The three main alcohols used in 
medical settings are ethanol, isopropanol and n-propanol. The preparations are 
typically available in concentrations of 6096 to 9096. Alcohol reduces the bacterial 
count on hands rapidly and is effective against a wide range of gram-positive and 
gram-negative bacteria, M. tuberculosis, and many fungi and viruses.®.% It displays 
poor activity against bacterial spores, protozoan cysts and non-enveloped 
viruses.5??? Alcohol does not remove surface dirt, and once evaporated it has no 
persistent antimicrobial effect.7199112 Alcohol can be combined with either iodine or 
CH in surgical preparations, which take advantage of its rapid bacteria-killing 


properties compared with aqueous preparations.68115.114 


2.3.3 Selection of surgical hand preparation products 

No uniformly accepted criteria exist for selecting a specific surgical hand 
preparation product. In general, an appropriate product should be effective, fast- 
acting, persistent, cumulative, safe, gentle to skin and cost-effective.? The most 
commonly used products for surgical hand preparation are aqueous scrubs that 


contain CH soap and ABRs.’ 


2.3.3.1 Aqueous scrubs 
Povidone iodine and CH are the most commonly used aqueous scrubs and both 


have proven efficacy. However, the potential contamination of tap water as well as 
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faucets and scrub sinks may be a cause for concern regarding aqueous scrubs.?” 
Faucet aerators contaminated with gram-negative bacteria have reportedly been a 


direct cause of nosocomial infection in human intensive care units.73 


Although SSIs clearly linked to water contamination have not been reported, it is 
recommended that the concentration of free chloride in the water should be 
maintained at over 0.1 ppm.? In addition, the faucet aerator should be removed, 
and the water and faucet should be checked periodically for bacterial 


contamination.?7114 


2.3.3.2 Hand rubs containing alcohol and other active ingredients 
Alcohol-based hand rubs (ABRs) and alcohol hand rubs that contain additional 
active ingredients are recommended if the quality of water cannot be assured. This 
is especially important in developing countries.1^?? Several hand rub products for 
surgical preparation are available on the market. The most popular product is a 
mixture of 3096 1-propanol and 4596 2-propanol solution (MPS) (Sterilium®, BODE 
Chemie GmbH & Co. KG, Hamburg, Germany) with mecetronium ethylsulfate, 
glycerol, tereadecanol, fragrances and purified water being added for emollient 
effects. Another product that is available in Canada has 7096 2-propanol solution as 
the active ingredient (IPS) (Manorapid®, Antiseptica Chem.Pharm. Produkte GmbH, 
Pulheim, Germany)??9:115, with butandiol and lanolinpoly (oxyethylane) added for 
emollient effects. In the US, a solution consisting of 6196 ethanol with 196 CH 


gluconate (ES/CH) is another popular product (Avagard®, 3M, Saint Paul, MN). 
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The selection of scrub or rub techniques and the choice of a product should be 
based on the available results of efficacy testing, the nature of the medical practice, 
cost, and other factors such as staff acceptance and compliance. Most guidelines 
recognize both CH aqueous scrub and alcohol-based rubs as acceptable surgical 


hand preparation products.”116 


2.4 Comparison of pre-surgical hand preparation methods 


2.4.1 Steps before starting surgical hand preparation 


2.4.1.1 Removal of artificial nails or nail polish 

Artificial nails or nail polish should be removed before medical personnel 
prepare their hands before surgery.735103 The influence of nail polish on hand CFU 
has been examined using aqueous scrubs only and not with ABRs. Some studies 
have shown that no differences exist between bacterial counts on hands that do or 
do not have nail polish, after regular hand-washing and after surgical hand- 
scrubbing with 4% CH.100,105,107,108,117,118 However, chipped nail polish and nail 
polish worn longer than four days was associated with increased bacteria counts on 
the fingernails of operation room nurses, even after a 5-min aqueous scrub with CH. 
1299 Health-care workers who wear artificial fingernails are more likely to have a 
pathogen isolated from their hands compared to those do not wear artificial 
fingernails; moreover, these pathogens are resistant to removal either by alcohol- 
based gel or by antimicrobial soaps.!!? In addition, higher positive culture rates of 


gram-negative rods were observed among nurses who wore artificial nails.101102,120 
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For these reasons, most surgical guidelines prohibit the use of any nail polish or 


artificial nails on the hands of the surgical team members.735 


2.4.1.2 Jewelry and watches 

Wearing a smooth band wedding ring does not increase the total count of hand 
bacteria but might increase Enterobacteriae carriage.107108 To date, no studies have 
examined the relationship between the wearing of complex jewelry or watches and 
post-surgical bacterial counts in hands that were prepared before surgery. This lack 
of research interest might be due to the logical assumption that complex jewelry 
would increase glove perforation rates. Current surgical guidelines recommend that 


all jewelry and watches should be removed before surgical hand preparation.!10121 


2.4.1.3 Use of nail pick and nail brush 

Subungual bacteria contributed three to four logarithms of the total hand 
bacterial count!??, the use of nail picks or nail brushes prior to hand preparation for 
surgery is therefore recommended.”!29 However, in two studies performed in 
clinical setting, no additional protective effects were observed when nail picks or 
nail brushes were used together with a CH aqueous soap hand preparation.!22123 
The effects of a nail brush or nail pick have not been evaluated when ABRs are used 


for surgical hand preparation. 


2.4.1.4 Regular hand wash and drying 
The hands must be free of soil and organic matter prior to surgical hand 
preparation. Regular hand wash with a neutral soap and cleaning of the subungual 


area is necessary before entering the operation room.735112 However, if the hands 
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are not visibly soiled, a routine hand wash prior to surgical hand preparation might 
not be necessary. Wet hands increase the risk of glove perforation and decrease the 
antibacterial activity of ABRs. Therefore, the hands must be properly dried with 

sterile towels after an aqueous scrub, or air-dried after using ABRs, before donning 


the gloves.?124 


2.4.2 Application techniques 


2.4.2.1 Aqueous scrub 

The use of brushes during scrubbing is discouraged in human medicine- It is 
recognized that surgical hand preparation performed with a sponge reduces the 
hand bacteria count as effectively as scrubbing with a brush but with less skin 
irritation.^112125 A randomized controlled clinical trial failed to demonstrate an 
additional antimicrobial effect of using a brush. !26 [n veterinary medicine, it is still 
common practice to use brushes while scrubbing, especially for large animal 
surgery.!5 Further research is needed to conclude definitively whether surgical hand 
preparation using just a sponge is as effective as using a brush, among veterinary 


surgeons. 


2.4.2.2 Alcohol-based rubs 

Application techniques for ABRs have not been standardized. Various 
manufacturers provide similar but slightly different recommendations for each 
product. To the author’s knowledge, no published studies have compared the 
efficacy of application methods. The WHO recommends six basic steps for hand 


hygiene, with an additional step for forearm application:? 


28 


(1) The hands should be completely dry prior to application. 


(2) Start timing, the total duration of application should be based on manufacturer 
recommendation. Put approximately 5 ml of rub solution into the palm of left hand. 
Dip the fingers of the right hand into the hand rub to decontaminate under the nails. 


Smear the hand rub on the right forearm, up to the elbow. 


(3) Repeat the process by putting the solution into the palm of the right hand, and 


dip the fingers of the left hand and smear on the left forearm up to the elbow. 


(4) Put approximately 5 ml in the palm of the left hand. 


(5) Cover the whole surface of both hands up to the wrist with solution, rubbing 


palm against palm with a rotational movement. 


(6) Rub the hands using the following order: back of hand with opposite palm, 
palms and interdigital area with fingers interlinked, the back of the fingers, thumbs. 


Use more solution if necessary. 


(7) Wait until the hands are dry before putting on surgical gloves and gown. 


(Figure 1) 
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Put approximately 5ml (3 doses) of 
alcohol-based handrub in the palm of 
your left hand, using the elbow of your 
other arm to operate the dispenser 


4 
See legend for Image 3 


7 
See legend for Image 3 


Dip the fingertips of your right hand in 
the handrub to decontaminate under the 
nails (5 seconds) 


See legend for Image 3 


i NS 


Put approximately 5ml (3 doses) of 
alcohol-based handrub in the palm of 
your right hand, using the elbow of your 
other arm to operate the dispenser 


Images 3-7: Smear the handrub on 
the right forearm up to the elbow. 
Ensure that the whole skin area is 
covered by using circular movements 
around the forearm until the handrub 
has fully evaporated (10-15 seconds) 


See legend for Image 3 


9 : 
Dip the fingertips of your left hand in the 
handrub to decontaminate under the 
nails (5 seconds) 


Smear the handrub on the left forearm 
up to the elbow. Ensure that the whole 
skin area is covered by using circular 
movements around the forearm until the 
handrub has fully evaporated (10-15 
seconds) 


both hands at the same time up to the 
wrists, and ensure that all the steps re- 
presented in Images 12-17 are followed 
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Cover the whole surface of the hands 

up to the wrist with alcohol-based han- 
drub, rubbing palm against palm with a 
rotating movement 


Ex 


15 

Rub the back of the fingers by holding 

them in the palm of the other hand with 
a sideways back and forth movement 


(20-30 seconds) 


13 

Rub the back of the left hand, including 
the wrist, moving the right palm back 
and forth, and vice-versa 


y cs 
zs 


fi 











Rub the thumb of the left hand by rota- © When the hands are dry, sterile surgical 
ting it in the clasped palm of the right Clothing and gloves can be donned 
hand and vice versa 


Repeat the above-illustrated sequence (average duration, 60 sec) according to the number of times corresponding to 





the total duration recommended by the manufacturer for surgical hand preparation with an alcohol-based handrub. 


Figure 1 Surgical hand preparation technique with an alcohol-based hand rub formulation. 


Copied from the WHO Guidelines on Hand Hygiene in Health Care. ? 
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2.4.3 Application time 


2.4.3.1 Aqueous scrub 

A 10-min pre-operative aqueous scrub was the recommended practice for 
decades. The main concern about such a long period of scrubbing is the potential for 
damaging the skin. Damage to the barrier function of the stratum corneum increases 
the risk of colonization by pathogenic bacteria species. A long scrubbing time also 


leads to skin irritation and is often not properly complied with.109.112,127 


Several studies have shown that scrubbing for 5 min reduces bacterial counts as 
effectively as a 10-min scrub.11$114128 [n addition, in surgical procedures that last 
longer than 90 min, hand bacterial counts at the end of surgery were significantly 
higher for a 10-min scrub group than for a 5-min scrub group.!4113.129 Further 
studies also found a 3-min scrub to be as effective as a 5-min scrub.!!113°Another 
study showed that a 3-min scrub reduced the bacterial count better than a 2-min 
scrub. However, the mean difference in bacterial count reduction was less than 0.5 


logCFU/ml and was considered to be clinically insignificant.!?! 


The time needed for subsequent scrubs after the first surgery on the same day 
has also been investigated. A study evaluating 2-min, 4-min and 6-min subsequent 
scrubs using 496 CH showed that scrubbing for 4 min or 6 min did not provide any 
advantage over scrubbing for 2 min; therefore, the researchers recommended a 4- 
min scrub for the surgical team's first procedure, and a 2-min scrub for subsequent 


procedures.!!^ Another study compared a 5-min initial plus 3-min subsequent scrub 


31 


with a 3-min initial plus 30-sec subsequent scrub, using 4% CH.!!? There was no 
difference in bacterial count between the two groups, either immediately and at 2 h 
after the initial scrub. However, the 30-sec subsequent scrub was less effective for 
bacterial count reduction compared with the 3-min subsequent scrub.!!? The 
efficacy of a 5-min initial scrub plus a 3.5-min subsequent scrub, versus a 3-min 
initial plus a 2.5-min subsequent scrub, using 496 CH was also compared.!?? There 
was no significant difference in bacterial count between these two protocols, either 
immediately or 2 h after the surgical hand scrub.!?? In conclusion, the current 
literature from human medicine supports the protocol of 2 to 3 min of contact time 
for the initial scrub, and 2 min of contact time for subsequent scrubs, when a 496 CH 


aqueous scrub method is used for surgical hand preparation. 


2.4.3.2 Alcohol-based rubs 

Surgical hand antisepsis using an ethanol solution requires an application time 
of at least 3 min to fulfill the European standard for surgical hand preparation.!16 
An application time of less than 3 min has been evaluated for an MPS solution; the 
results showed that a 90-sec rub could be as effective in bacterial reduction as a 3- 
min rub for both healthy volunteers and health care personnel.141!7 One study 
reported similar results when ethanol was used for surgical hand preparation.!!5 No 


studies have evaluated the effect of contact time on efficacy for an ES/CH solution. 


In conclusion, the required application time for surgical hand preparation using 
ABR varies and depends on the product being used. However, the application time 


should be at least 90 sec when isopropanol or ethanol solutions are used. Most 
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studies on application techniques for surgical hand preparation have involved 
healthy volunteers and human health care providers. Equivalent studies have not 


been conducted among veterinary caregivers. 


2.5 Evaluation of surgical hand preparation products 


2.5.1 Infection rate 

The most effective and clinically relevant method for assessing surgical hand 
preparation products is to analyze the associated infection rates. However, due to 
the low infection rate (2% to 4 96) for routine clean and clean-contaminated 
surgery, around 4158 cases are needed to detect a 296 difference in infection rate at 
a 90% level of statistical power.!3? One study used an equivalent cluster randomized 
crossover trial approach over a 16-month period, at six surgery centers, with a 
sample of 4387 consecutive clean and clean-contaminated surgeries. A 5-min 
aqueous scrub using either 4% PI (Betadine) or 4% CHG (Hibiscrub®) was 
compared with a 5-min hand rub using MPS. The infection rate was 2.4896 in the 
scrub group and 2.44% in the hand rub group. The researchers concluded that both 
protocols were equally effective at preventing SS1.130133 However, they observed 
that the hand rub protocol had significantly better compliance in terms of the 
recommended application time, which was two repetitions of 2.5 min of hand 
rubbing, compared with 5 min of hand scrubbing.!?? A separate prospective study 
evaluated the use of ES/CH in pediatric urologic procedures and found no 
statistically significant differences in infection rate between the ES/CH group 


(0.1196) and the CH scrub group (0.1796).1?^ A similar study was conducted in a 
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neurologic surgery environment and the researchers found no difference in 


infection rates between the ES/CH group and the traditional scrub group.135136 


A randomized trial was conducted in a Kenyan rural hospital, to compare the 
results of a hand wash for 4-5 min (washing with plain soap using clean tap water) 
versus a WHO-recommended alcohol-based hand rub solution (75% isopropyl 
alcohol, 1.45% glycerol and 0.125% hydrogen peroxide). Among 3317 patients who 
underwent clean and clean-contaminated surgery, there was no significant 


difference in infection rates for plain soap (896) versus ABR (8.3%).137 


2.5.2 Bacterial reduction 

Most researchers use hand bacterial count to evaluate antibacterial efficacy. The 
finger press method and the glove juice technique are two commonly used 
techniques for sample collection. The finger press method involves pressing the 
fingertips, knuckles or the whole palm against an agar plate; the plates are then 
incubated for 24 h to 48 h. The amount of bacteria is recorded as colony-forming 
units (CFUs), which are counted from the agar plate.1251136158-140 This method is 
relatively easier and faster than the glove juice technique (discussed below). 
However, it might not reflect actual hand bacterial counts, as the counts are 
dependent on the anatomic location, hand size and culture method or technique 


used. 


The glove juice method has been used in several studies.5108,119122,131 A 
combination of 0.075 mol/L phosphate-buffered normal saline with 0.0596 


polysorbate 80 (Tween 80™) is the most commonly used standard sample collection 
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fluid. The participants don sterile gloves and 20 ml of fluid is infused into the glove 
in a sterile method. The gloved hands are then clutched and massaged gently for 

30 sec to 1 min. The glove is removed and the fluid inside is used for culturing. The 
amount of bacteria on the hands is presented as CFU/ml of the sampling fluid. This 
method is more time-consuming but reflects the bacterial count more accurately 
than the finger press method.!^? The glove juice method is regarded as the standard 


test for the effectiveness of antiseptic solutions.!?! 


Non-volatile agents, such as CH, may remain on the samples collected by either 
the glove juice technique or the finger press method. The addition of a neutralizing 
agent to the standard sampling fluid has been suggested as a method of preventing 
false positives in efficacy assessment.!^! However, the efficacy of neutralization is 
hard to evaluate, and residual neutralizing agent in the collection fluid could remain 
on the hands of participants and create a false negative in efficacy assessment.!?! 
The US Food and Drug Administration (FDA) therefore suggests that when reporting 
the test results for surgical hand preparation products, researchers should clearly 
indicate whether a neutralizing agent was used or not, to allow readers to compare 


the results across different studies.12112? 


Reductions in hand bacteria are tested at different time points to help evaluate 
the immediate and persistent (cumulative) efficacy. The FDA standard requires 


surgical hand preparation products to fulfil the following criteria for efficacy: 


(1) a 1-log (base 10) reduction in microbial flora for each hand, relative to the 


baseline, within 1 min after the first surgical scrub procedure on Day 1; and 
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continued suppression of bacterial growth on each hand to below-baseline levels at 


6 h on Day 1. 


(2) a 2-log (base 10) reduction of microbial flora on each hand within 1 min of the 


last scrub procedure on Day 2. 


(3) a 3-log (base 10) reduction of the microbial flora on each hand within 1 min of 


the last scrub procedure on Day 5.121 


Unlike the FDA standard, the European standard does not require repeated 
efficacy testing. Only the immediate effects and the level of regrowth after the hands 
have been in gloves for 3 h are measured. The European standard requires the 
results of such testing to not be inferior to the reference 6096 n-propanol solution at 


a contact time of 3 min.124 


2.5.2.1 Comparison among aqueous scrubs 

Compared with PI, CH might be more effective at reducing bacterial CFU. In a 
study of operating room nurses, researchers found that 3-min scrubs using 4% CH 
achieved a significant lower CFU/ml compared with 7.5% PI.14? Similarly, another 
study found that 4% CH was significantly more effective than PI, both immediately 
and 2 h after the initial scrub and again 2 h after a subsequent scrub.!??This finding 
was the same for both an initial 5-min plus subsequent 3-min scrub and an initial 3- 
min plus 30-sec subsequent scrub.!?? Another study compared a 5-min aqueous 
scrub using either CH and PI among surgeons working with large animals.!4? There 


was no significant difference in hand bacterial counts, both immediately and 2 h 
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after surgical hand preparation, between the groups that used CH or PI aqueous 


scrubs.143 


2.5.2.2 Comparison between aqueous scrub and alcohol-based rubs 

In one study, MPS was compared with PI or CH scrub, using the finger 
impression method and healthy volunteers.!5? Samples were taken before and after 
surgical hand preparation, and every 2 h until the end of surgery. No significant 
differences were observed between MPS and 3-min scrub using PI or CH, with 
regard to CFU count and positive culture rates.!?? In another randomized crossover 
trial using seventy-five surgeons at one hospital 496 CH and hand rubbing using MPS 
were compared.!2? One product was used for four weeks and then changed to the 
other product after a wash-out period. The bacterial count (CFU/ml) was measured 
before preparation, immediately after preparation and again after the surgical 
procedure. Rubbing with MPS was significantly more effective than scrubbing with 
496 CH with regard to reducing the bacterial count, both immediately after 
preparation and at the end of the surgical procedure. Another study compared 
ES/CH rub with a CH or PI 5-min surgical hand scrub among operating room nurses. 
A cotton swab was rolled along the fingers to obtain samples from all participants, 


and no significant differences were found in the positive culture rates.144 


A veterinary medicine study was conducted among surgeons working with large 
animals, to evaluate three hand hygiene protocols after performing regular physical 
examination.135 The findings showed that hand washing with 0.3% triclosan soap 


was significantly more effective at reducing bacterial count compared with the use 
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of 62% ethanol gel and ES/CH rub.!?5 This was an interesting finding in light of the 
literature from human medicine, in which most researchers agree that ABRs are at 
least as effective as hand washes for reducing bacterial count.140145 The nature ofa 
practice - human versus veterinary surgery - may result in differential 
contamination by transient bacteria. Veterinarians often perform oral examination, 
orthopedic examination and rectal examination, and they also restrain animals and 
clip their fur before surgery. Significantly higher hand bacterial counts were noted 
among large animal surgeons who were in contact with their patients immediately 
before they prepared for surgery, compared with those who were not.1?5 In 
conclusion, studies comparing the results for aqueous scrubs versus ABRs have 
shown that both surgical hand preparation methods reduce the hand bacterial count 


effectively. 


2,5.2.3 Comparison among alcohol-based rubs 

Several studies have compared the efficacy of different ABRs. There is no strong 
evidence to suggest that one commercial product is superior to another with regard 
to antibacterial activity. Some researchers have suggested that alcohol with 
additional active ingredients is superior to pure alcohol rubs, but this finding has 


not been consistently reported among studies.115127,146 


In one study comparing the efficacy of ES/CH, MPS, and 7096 ethanol solution 
(ES) among healthy volunteers, showed there was no difference immediately after 
application, but ES/CH provided significantly higher bacteria reduction 6 h after 


application. Another study compared ES/CH, zinc pyrithione in 7096 ethanol 
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(Triseptin™) and 7.5% PI scrub used by healthy volunteers. There was no significant 
difference in hand bacterial counts among groups using the three products after 

3 min of application. All products meet the FDA standards at Day 1 and Day 2, but 
only Triseptin™ met the standard at Day 3.12” The antibacterial efficacy of a 3-min 
hand rub using ethanol at different concentrations among healthy volunteers was 
evaluated.!45 Compared with the European standard solution (60% propanol), 
ethanol at 8596 was the only concentration that provided similar bacterial reduction. 
Solutions of 75% ethanol and 95% ethanol were significantly less effective 


immediately and 3 h after application, compared with the standard solution.!45 


Only one study has evaluated the efficacy of ABRs among small animal surgeons. 
A clinical trial was conducted with experienced surgeons, in which bacterial CFUs 
were evaluated through the finger press method. The results showed that aqueous 
CH/PI and MPS rub had similar immediate effects, but the MPS rub had a 


significantly better sustained effect after a mean surgical time of 90 min.!40 


2.5.3 Evaluation of acceptance 

Alcohol-based rubs were the favored surgical hand preparation method, 
according to a survey among operating room nurses.®? Reasons for this preference 
might be the skin irritation and longer application time associated with traditional 
scrubs. Skin irritation is more frequently observed after surgical hand preparation 
with aqueous CH than with an ABR solution.!?? This might be due either to the soap- 
and-water washing process or to the brushing process. The water content on the 


dorsal surface of hospital nurse's hands decreased significantly during hand 
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washing with soap and water, compared with ABR.!4” Overall, ABR solutions 
produce fewer skin reaction and less reported dry skin, and are better 


tolerated.62,132,136 


2.5.4 Costand safety 

Cost analyses have been performed to compare ABRs and aqueous scrubs for 
surgical hand preparation. The cost of purchasing products, the time needed for a 
staff member to perform surgical hand preparation, the water needed for the 
preparation, and the amount of solid waste produced were all taken into 
consideration. Aqueous scrubs are approximately three times more expensive than 
ABRs.9?/149 One surgical hand preparation episode with aqueous scrub uses 
approximately 20 L of warm water, or 60 L (or more) for an entire surgical team.!^? 
This is an important issue worldwide, particularly in countries or areas that have a 


limited safe water supply. 


Alcohol-based rubs may incur potential management challenges. One of the 
biggest concerns is their flammability. Flash point is the minimum temperature at 
which a substance can be ignited by an open flame; the flash point for 8296, 7096 and 
60% isopropanol, propanol and ethanol is 21 °Celsius.”! A flash point below 21°C is 
considered easily flammable.’”! Certain commercialized products have an even 
higher concentration and therefore a lower flash point. Nonetheless, the risk of fire 
is generally believed to be relatively low. One study reported that seven minor fire 
incidents associated with the use of ABR occurred during a total of 25 038 hospital- 


years.!*? In a single reported fire incident in the US, alcohol gel was applied 
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immediately before the removal of a polyester gown, and the static electricity 


ignited the alcohol.151 


2.6 Surgical hand preparations: unanswered questions 
Alcohol-based rubs and aqueous scrubs are both recommended by veterinary 
surgery textbooks.^? This recommendation is extrapolated from human literature, 


since only a small number of studies have been performed in the veterinary setting. 


In a survey conducted in 2011, 61.496 of veterinary surgeons were using 
aqueous scrub such as CH or PI, and 54.596 of veterinary surgeons were scrubbing 
for over 5 min.!5 Most veterinary schools favor the aqueous scrub method; the 
author conducted a web-based survey to surgeons in 2014. Of the 31 veterinary 
schools in North America, 17 schools responded to the survey, it was observed that 
7596 of veterinary schools only teach the aqueous scrub (496 CH) method in their 
junior surgery laboratories, and students are allowed to use only aqueous scrub 
(496 CH) in 7 veterinary schools. These numbers stand in contrast to most 
recommendation guidelines in human medicine.^101102 A main factor is the small 
body of evidence that supports the short- and long-term efficacy of ABR in 
veterinary medicine. Based on research from human medicine, it seems reasonable 
to expect that veterinary medicine would adapt and switch to using ABRs. However, 
depending on the ABR manufacturer, different pre-treatment hand preparation, 
different application methods, and different contact times make teaching of an 
appropriate ABR-based hand preparation routine particularly challenging. There 


are also concerns that alcohol does not provide enough residual effect, although it 
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has been claimed that adequate residual bacterial reduction could be achieved if the 


bacterial count immediately after surgical hand preparation is low.15? 


2.6.1 Efficacy of aqueous scrub and ABR among veterinary students 

Most studies have involved healthy volunteers or experienced operating room 
nurses, surgeons or surgery residents. One might assume that such participants are 
well educated and experienced in the proper application of surgical hand 
preparation products. However, this might not be the case in veterinary clinical 
situations, and the efficacy of aqueous scrubs and ABRs used by veterinary students 
has not been evaluated. In surgical hand preparation, compliance does not seem to 
be a problem since it is a crucial step that each surgery team member has to perform 
without exception. However, the application method may be more prone to error 
when ABRs are used? One study showed that students in the third and fourth years 
of medical school achieved significantly higher bacterial reduction compared with 
first- and second-year medical students when using ABR for hand hygiene.15? 
Structural training sessions - including lectures, practice and adding fluorescent dye 
to evaluate missed spots - could increase the efficacy of ABR for hand hygiene.153-155 
In this study, we evaluated the efficacy of ABRs for surgical hand preparations 


among third-year veterinary students after a short instructional session. 


2.6.2 Optimal application time for ABR among veterinary students 
The WHO guidelines for hand hygiene recommend a standard application 
method, and suggest repeated standard application until the total manufacturer 


recommended contact time is achieved." The recommended application time for 
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ABRs, unlike aqueous scrubs, differs for each product. For MPS an application time 
of 90 sec is recommended, whereas for IPS the recommended application time is 3 
min. The other two products available - one containing 70% ethanol with 5% 
isopropanol, and one with ES/CH - do not specify the time needed for application. 
The recommendations are based on in vivo testing by the relevant manufacturers, 
but the correct contact durations have not been thoroughly verified in clinical 
veterinary situations. We therefore wished to evaluate the standards for application 


time for ABRs. 


2.6.3 Selective efficacy of the alcohol based rubs 

A study involving large animal veterinary staff showed alcohol based hand 
sanitization to be less effective in bacterial reduction compared to aqueous triclosan 
soap and water hand wash.!35 We suspect such result is due to the fact that alcohol 
based hand rubs are less effective at removing spore-forming bacteria comparing to 
soap and water hand wash. Furthermore, alcohol may actually serve as a selective 
agent for isolating spore-forming bacteria.!? No studies have evaluated the bacteria 
isolated from the hands of veterinarians and after surgical hand preparation. We 
wished to identify the bacteria and compare the culture rate before and after hand 


preparation using different protocols. 
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3 MATERIALS AND METHODS 
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3.1 Materials and methods 

The study was approved by the University of Prince Edward Island Research 
Ethics and Biosafety Committees. A controlled randomized prospective study was 
conducted. Third-year veterinary students who were participating in junior surgery 
laboratories were included as research participants, and written consent was 


obtained from all participants prior to the study. 


3.1.1 Surgical hand preparation protocols 

Hand preparation procedures included hand scrubbing with non-abrasive 
aqueous scrubs containing CH, and hand rubbing using MPS, IPS or ES/CH. Each 
procedure was carried out at three different contact times (1.5 min, 3 min, and 5 
min) for a total of 12 possible procedure/time combinations. Using shuffled cards, 
participants were randomly assigned to four of the possible 12 combinations. A 
minimum of 7-day wash out period was allowed between each surgical hand 


preparation. 


Detailed practical guidance on the steps for surgical hand preparation was given 
to all participants by the primary investigator, and illustrated instructions were 
posted next to the scrub sink in accordance with current practice standards and the 
WHO guidelines.’ Contact time was defined as the length of time during which hands 


and forearms were in contact with the tested products. 


The hand-scrubbing procedure was performed as follows: (1) Wet hands and 
forearms with warm tap water. Use nail picks to clean under the fingernails. (2) 


Start timing; wet the sponge and squeeze to work up a lather, and make sure the 
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lather is in contact with nails, cuticles, interdigital spaces, hands and forearms. (3) 
Scrub using the sponge side only to clean nails, cuticles, interdigital spaces, hands 
and forearms. (4) When the assigned contact time is reached, rinse hands and 
forearms thoroughly with tap water, and dry with a sterile towel before putting on 


surgical gloves and gown. 


The hand-rubbing procedures were performed as follows: (1) Wash hands and 
arms with a neutral, non-medicated soap (Dermotan®, Antiseptica Chem.Pharm. 
Produkte GmbH, Pulheim, Germany) for 1 min, and use nail picks to clean under the 
fingernails. (2) Dry hands with non-sterile paper towel. (3) Start timing. Place 
approximately 5 ml (MPS or IPA) or 1 pump (ES/CH) into the palm of the left hand. 
Dip the fingers of the right hand into the hand rub to decontaminate under the nails. 
Smear the hand rub on the right forearm up to the elbow. (4) Repeat the process for 
the other hand: place the selected solution in the palm of the right hand and dip the 
fingers of the left hand, and smear onto the left forearm up to the elbow. (5) Place 
another 5 ml (approx.) (MPS or IPS) or 1 pump (ES/CH) in the palm of the left hand. 
(6) Cover the whole surface of both hands up to the wrist with solution, rubbing 
palm against palm with a rotational movement. (7) Rub the hands in the following 
order: back of hand with opposite palm; palms and interdigital area with fingers 
interlinked; back of the fingers; thumbs. Use more solution if necessary. (8) Repeat 
steps 5 to 7 until the assigned contact time is reached. (9) Wait until the hands are 


dry before putting on surgical gloves and gown. 
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3.1.2 Sample collection 

Samples were obtained from participants using the glove juice technique as 
previously described.!5 All participants donned sterile gloves (Triflex®, Cardinal 
Health, McGaw Park, IL) and then 20 ml of 0.075 mol/L phosphate-buffered normal 
saline with 0.05% Tween 80 was immediately instilled into the glove of the 
dominant hand sterilely. The solution was gently rubbed up and down the fingers of 
the glove. The participants then clenched their fists and shook their hands for 60 sec. 
Thereafter, the gloves on both hands were removed carefully without contaminating 
the hands and forearms, and 5 ml to 10 ml of the liquid inside each glove was 
removed sterilely using a syringe. The samples were collected before (PRE) and 
after (POST) surgical hand preparation. After POST sampling, the participant used a 
sterile towel to dry their hands, then donned a gown and fresh gloves to perform 
ovariohysterectomy (OHE) or castration on live animals, using standard aseptic 


techniques. 


Samples were collected again from the gloves of participants after the end of 
surgery (END). All gloves used for sample collection in this study were tested for the 
presence of punctures by insufflation and visual inspection. Individual sample sets 
(PRE, POST and END) were excluded if contamination that required a glove change 
had occurred; if the glove failed the pressure leak test; if the participant did not 
provide samples for culture at all three collection time-points; or if the participant 
had a visible full thickness wound on the hands. Individual participants were 


excluded if an allergic reaction to a research product or latex developed during the 
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study period. A minimum 7-day wash-out period between hand treatments was 


enforced to allow re-growth of the normal skin flora, as previously described.!45 


3.1.3 Aerobic culture, bacterial count and bacterial isolation 

Samples collected were immediately cultured. Each sample was diluted by two 
serial 10-fold dilutions using 0.075 mol/L phosphate-buffered saline with 0.0596 
Tween 80. Using a sterile micropipette, 0.1 ml of each undiluted and serially diluted 
solution was inoculated onto sheep-blood agar plates, using sterile L-shaped hockey 
stick cell spreaders. The agar plates were then incubated for 48 h at 35 °C under 
aerobic conditions. The count of bacterial colony-forming units per ml (CFU/ml) 
was calculated using direct counting methods, with a range of 0 to 300 CFU/ml. 
Plates that yielded growth of over 300 colonies were excluded for CFU 
determination and individual colony isolation. The author counted all agar plates 
with no repetition. Bacterial logCFU were determined, and reductions in logCFU 
from the glove juice at the POST and END sampling time points were calculated by 


subtracting the logCFU of POST or END from the logCFU of PRE. 


Based on gross appearance, individual colonies were further cultured onto a 
sheep-blood agar plate and incubated for 24 h at 35 °C under aerobic conditions. 
The colonies were then examined for bacterial identification using matrix-assisted 
laser desorption ionization-time of flight mass spectrometry (MALDI Biotyper 
system, Bruker corporation, Billerica, MA). Bacteria identified were categorized as 
gram-positive, gram-negative, spore forming bacteria or coagulase-positive 


Staphylococcus spp. 


48 


3.2 Statistical analysis 

The POST and END bacteria logCFU reduction between groups was compared 
using multivariate analysis of variance (ANOVA). Hand preparation product, contact 
time and product/contact-time interaction was included in the models, with the 
participants included as a random effect. Surgery time, type of surgery (OHE or 
castration) and role in surgery (primary or assistant) were included as three 
variables in END logCFU reduction. Stepwise backward elimination was performed 
to remove non-significant effects. A post-hoc analysis was performed using Tukey’s 
honest significant difference tests, and “test slices” were used to test the effect of 


time for each product. 


For each bacterial category, the culture status was classified as either positive or 
negative. The positive culture status among groups was compared using a 
multivariate logistic regression model. Product, contact time and product/contact- 
time interaction were used as main factors, and culture status from PRE samples 
was included as a confounding factor. For END samples, surgery type (OHE or 
castration) and role in surgery (primary or assistant) were also included in the 
model. Stepwise backward elimination was performed. A P-value of < 0.05 was 
considered statistically significant for all analyses. All statistical tests were 


performed using commercialized software (JMP 11®, SAS system, Cary, NC). 
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4 RESULTS 
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4.1 Descriptive data 

Forty-seven third-year veterinary students were enrolled into the study. The 
data of two participants were excluded from the analysis because of their allergic 
reactions to CH products. In addition, 25 sample sets were excluded, nine due to 
contamination during surgery, eight due to removal of surgical glove prior to sample 
collection, and nine due to glove perforation (detected by the pressure test). A total 
of 155 sample sets (PRE, POST and END) from 45 students were included in the final 


bacterial analysis. 


Of the 95 surgeries performed, 76 were OHEs and 19 were castrations. Surgery 
time ranged from 57 min to 255 min. One patient that underwent OHE developed 
SSI from which Staphylococcus pseudintermedius was cultured. This bacterial isolate 


was not cultured from the hands of either the primary or the assistant student. 


4.2 Aerobic bacterial reduction 

The student’s role in surgery (primary or assistant) and the type of surgery 
(OHE or castration) did not exert significant effects on bacterial reduction. The type 
of hand preparation product, rather than the contact time, exerted a significant 
effect on POST logCFU reduction (P « .001). Pair-wise comparison showed that at 
the manufacturer-recommended contact times, ES/CH and CH were more effective 


for logCFU reduction than MPS or IPS. For all hand preparation products tested, an 
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increase in contact time did not affect the reduction in logCFU (Figure 2). 


POST CFU Reduction 


CFU reduction (Log/ml) 











CH1.5  ES/CHS ES/CH1.5 ES/CH3 CH5 CH3 MPS3 MPS1.5  |PS3 IPSS IPS1.5 


Study group 


Figure 2 Mean logCFU reduction immediately after surgical hand preparation 
(POST) using various products. 


Key: CH: 496 Chlorhexidine gluconate scrub; MPS: 3096 1-propanol and 4596 2- 
propanol solution; IPS: 7096 2-propanol solution; ES/CH: 6196 ethanol solution with 
196 chlorhexidine gluconate. Contact times: 1.5 min, 3 min, 5 min. Values with 
different lowercase letters (a, b, c) next to the bars indicate significantly differences 
(P « 0.05). Each error bar is constructed using 1 standard deviation from the mean. 
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For END samples, the hand preparation product, contact time and 
product/contact-time interaction all had significant effects on bacteria logCFU 
reduction (P < 0.001, P = 0.023, and P = 0.042 respectively). The ES/CH application 
with 3-min and 5-min contact times achieved a significantly greater log CFU 
reduction compared with IPS application (all three contact times) and MPS (1.5-min 
and 3-min contact times). Comparison of the contact times showed that MPS and 
ES/CH applications lasting 5 min achieved a significantly greater log CFU/ml 
reduction than an application lasting 1.5 min (Figure 3). Thus, an increase in contact 
time significantly increased bacterial reduction in ES/CH and MPS groups (P = 0.003 
and P = 0.014, respectively) at the end of surgery. At manufacturer-recommended 
contact times, the ES/CH group showed a significantly greater logCFU reduction 


compared with IPS. 
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Figure 3 Mean logCFU reduction measured at the end of surgery (END) after using 
various hand preparation products. 


Key: CH: 4% Chlorhexidine gluconate scrub; MPS: 30% 1-propanol and 45% 2- 
propanol solution; IPS: 70% 2-propanol solution; ES/CH: 61% ethanol solution with 
1% chlorhexidine gluconate. Contact times: 1.5 min, 3 min, 5 min. Values with 
different lowercase letters next to the column a, b, c, d are significantly different (P < 
0.05). Each error bar is constructed using 1 standard deviation from the mean. 
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4.3 Aerobic bacteria isolation 
We isolated 115 different species of bacteria from 34 different genera. The most 
commonly isolated gram-positive, gram-negative and spore-forming bacteria in the 


samples were Staphylococcus spp., Moraxella spp., and Bacillus spp., respectively. 


The positive culture rates for gram-positive, gram-negative, coagulase-positive 
Staphylococcus spp. and spore-forming bacteria in each treatment group are shown 
in Table 3. For both POST and END samples, the positive culture rates for coagulase- 
positive Staphylococcus spp. and gram-negative bacteria were too low to allow for 


statistical analysis. 


4.3.1 Gram-positive aerobic bacteria 

For POST samples, the hand preparation product, but not contact time or PRE 
culture status, had a significant effect on positive culture rate (P <0.001). Estimated 
positive culture rates for the four products were ES/CH=11.9%, CH=18.4%, 
MPS=70.6% and IPS=95.1%. The ES/CH and CH groups each had a significantly 
lower positive culture rate than the MPS and IPS groups (P «0.001). The MPS5 group 


had a significant lower positive culture rate than the IPS3 group (P = 0.003). 


For END samples, both hand preparation product and PRE culture status had a 
significant effect on positive culture (P «0.001 and P - 0.009, respectively). 
Estimated positive culture rates associated with the four products were 
ES/CH=41.5%, CH= 75.7%, IPS=87.8% and MPS=78.8%. The ES/CH groups had a 


significantly lower positive culture rate than the CH, MPS and IPS groups (P = 0.002, 
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P < 0.001, P= 0.001, respectively). No significant differences were detected among 


the CH, MPS and IPS groups. 


4.3.2 Spore-forming aerobic bacteria 

For POST samples, the hand preparation product had a significant effect on 
positive culture results (P « 0.001). The predictive positive culture rates for aerobic 
spore-forming bacteria were ES/CH=4.8%, CH=15.8%, IPS=90.2% and MPS=73.5%. 
The ES/CH and CH groups had significantly lower positive cultures than the MPS 
and IPS groups (P «0.001). CH3 group had a significantly lower control rate to IPS 
1.5 ( P 20.01), IPS 3 ( P = 0.005), IPS 5 (P= 0.003), MPS 1.5 (P=0.01) and MPS 3 (P= 


0.02). 


For END samples, the hand preparation product did not have a significant effect 
on positive culture results. Surgery time had a significant positive association with 
culture status (P - 0.006), and contact time had a significant inverse association 
with culture status (P = 0.039). When surgery time was fixed at 150 min, the 
predicted positive culture rates for aerobic spore-forming bacteria at various 
contact times were as follows: 1.5 min, 22.596; 3 min, 21.496; and 5 min, 6.496. A 
contact time of 5 min was associated with a significantly lower positive culture rate 
compared with 1.5 min or 3 min (P = 0.022 and 0.028, respectively). The longer the 
surgery time (per hour), the more likely an aerobic spore-forming bacteria was 


isolated (odds ratio - 2.56, 9596 CI- 1.30 - 5.35). 
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Table 3 Positive culture rates associated with different surgical hand preparation methods 





























Hand Gram-positive bacteria (96) | Spore forming bacteria (%) Coagulase-positive ST spp. | Gram-negative bacteria (%) 
Preparation | 95% CI 95% CI 95% CI 95% CI 
Method PRE POST END PRE POST END PRE POST END PRE POST END 

100 20 73 67 13 7 0 0 0 40 0 0 
ES/CH1.5 

80-100  7-45* 48-891 | 42-85 4-38# 1-30 0-20 0-20 0-20 | 20-64 0-20 0-20 

92 8 23 62 0 8 8 0 0 31 0 0 
ES/CH3 

67-98 1-33* 8-50+ | 36-82 0-23# 1-33 1-33 0-23 0-23 | 13-58 0-23 0-23 

100 7 21 64 0 0 7 0 0 7 0 0 
ES/CH5 

78-100 1-31*§ 8-48+ | 39-84 0-224 0-22 1-31 0-22 0-22 | 1-31 0-22 0-22 

100 23 69 46 15 8 8 8 0 15 0 0 
CH1.5 

77-100  8-50* 42-87 | 23-71 4-42# 1-33 1-33 1-33 0-23 | 4-42 0-23 0-23 

100 15 85 62 30 15 15 8 8 31 0 0 
CH3 

77-100 4-42* 58-96 | 36-82 13-58* 4-42 4-42 1-33 1-33 | 13-58 0-23 0-23 

92 17 67 50 0 17 25 8 8 25 0 8 
CH5 

65-99 5-45* 39-86 | 25-75 0-244 5-45 9-53 1-35 1-35 | 9-53 0-24 1-35 

100 100 90 55 91 27 0 0 9 27 0 0 
IPS1.5 

74-100 74-100 62-98 | 28-79 62-98 10-57 0-26 0-26 2-38 | 10-57 0-26 0-26 

100 87 80 60 87 33 7 0 7 13 0 0 
IPS3 

79-100 62-96 55-93 | 36-80 62-96 15-58 1-30 0-20 1-30 | 4-38 0-20 0-20 
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100 100 93 60 93 7 20 0 7 27 0 0 
IPS5 

80-100 80-100 70-99 | 36-80 70-99 1-30 7-45 0-20 1-30 | 11-52 0-20 0-20 

100 83 67 67 75 42 42 17 0 33 33 0 
MPS1.5 

76-100 55-95 40-86 | 39-86 47-91 19-68 19-68 5-45 0-24 | 14-61 14-61 0-24 

100 82 91 55 82 18 27 0 0 9 0 0 
MPS3 

74-100 52-95 62-98 | 28-79 52-95 5-48 10-57 0-26 0-26 | 2-38 0-26 0-26 

91 45 72 55 64 9 9 0 0 0 0 0 
MPS5 

62-98 21-724 43-90 | 28-79 35-85 2-38 2-38 0-26 0-26 | 0-26 0-26 0-26 

















CH, 4% Chlorhexidine gluconate scrub; MPS, 30% 1-propanol and 45% 2-propanol solution; IPS, 70% 2-propanol solution; ES/CH, 61% ethanol solution 
with 1% chlorhexidine gluconate. ST, Staphylococcus. PRE, before surgical hand preparation; POST, after surgical hand preparation; END, at the end of 


surgery. 


* Significantly lower culture rates compared with IPS, MPS1.5 and MPS3 (P<0.05) 


§ Significantly lower culture rate compare with MPS5 (P<0.05) 
+ Significantly lower culture rates compared with IPS3 (P<0.05) 


t Significantly lower culture rates compared with CH, MPS and IPS (P«0.05) 
# Significantly lower culture rates compared with both IPS and MPS (P<0.05) 
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5 DISCUSSION 
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5.1 Antibacterial efficacy of the tested products 

In this study, at manufacturer-recommended contact times, ES/CH and CH 
provided significantly greater bacterial reduction compared with MPS and IPS, 
immediately after surgical hand preparation. By the end of surgery, ES/CH again 
showed significantly stronger bacterial reduction compared with IPS. These results 
may be attributed to several factors. First, although the participants were instructed 
in proper hand-rubbing techniques before application, and they were observed 
during the application process, as students they might not yet be familiar with the 
technique. Compared with ES/CH, products containing IPS and MPS evaporate 


rapidly and it is possible that contact areas were missed during application. 


One study showed that when ABR products were used with an active ingredient 
similar to IPS for hand sanitization, additional training improved the bacterial 
reduction and decreased the area of missed contact.1»6 Another study showed that a 
significant difference in the outcome of antibacterial efficacy existed between 
medical students in the first two academic years versus students in the final two 
years. 19? [n our study, the participants were third-year veterinary students who had 
no prior experience in surgical hand preparation; therefore they might not have 
applied the products correctly. The question of whether ES/CH can help to decrease 
missing contact spots, and whether additional training would help to improve the 


efficacy of ABRs for surgical hand preparation, require further investigation. 


Second, moisture retained on the hands after washing and drying may impair the 


efficacy of ABR by decreasing the alcohol concentration on the skin, therefore 
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impair the efficacy of IPS and MPS. The bacteriostatic and bacteriocidal 
concentrations for chlorhexidine gluconate have been reported to be as low as 1 
mcg/ml and 20 mcg/ml, respectively.!? Although retained moisture may also diluted 
CH and CH/ES, even with dilution, the concentration of chlorhexidine gluconate on 
the hands may still be above 1mcg/ml and residual antibacterial activity would 
persist. In human medicine, the debate on whether hand-washing prior to ABR 
application is necessary has not yet been settled.715* However, because of the nature 
of veterinary medicine, washing hands prior to ABR application is still considered 


desirable. 


Third, glycerol is commonly used in hand-care products, and this substance 
might have altered the efficacy of IPS and MPS, as it has been shown to decrease the 
efficacy of pure alcohol hand rubs.!5? All participants were instructed to wash their 
hands with a neutral soap for at least 1 min or until their hands were free of organic 
matter. The use of hand-care products by the students was not prohibited during 
the study. Unfortunately, glycerol within hand-care products can be hard to remove 


by a single hand wash.153 


5.2 The effects of increased contact time on bacterial reduction 

A previous study reported no difference in bacterial reduction between 1.5-min 
and 3-min application times of MPS among healthy volunteers.!^ A contact time of 
up to 5 min with ABR had not been evaluated to date, especially because one of the 
claimed benefits of ABR is a shorter application time. In our study, an increase in 


contact time did not help to improve bacteria reduction immediately after surgical 
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hand preparation; however, it did significantly improve the bacterial reduction 
associated with ES/CH and MPS by the end of surgery. An increased amount of 
product would be necessary to achieve longer contact times, and the repeated 
rubbing process might have helped to decrease the missed spots and to improve the 
antibacterial efficacy.15° Nonetheless, this additional bacterial reduction was only 
observed at the end of surgery. The evaluation of possible clinical benefits requires 
further research. Although ABR is regarded as a relatively safe product, potential 
disadvantages to the use of large amounts could include dermal and respiratory 


absorption of alcohol, irritation to the respiratory tract, and possible fire 


hazard.115.151,158,159 


5.3 Selective bacterial inhibition of pure alcohol based rubs 

A total of 115 species among 34 different genera of bacteria were identified 
using MALDI-TOF. It was not the purpose of this study to evaluate skin flora on 
veterinary students, therefore selective culture, phenotype and genotype 
identification were not performed. It would be interesting to conduct further 
research to determine the prevalence of multidrug-resistant bacteria colonization 
among veterinary personnel. However, our study was limited to determining 
whether antibacterial efficacy differs according to the surgical hand preparation 


method. 


The recovery rate of spore-forming bacteria - such as Bacillus spp. and 
Paenibacillus spp. - increased after MPS and IPS application, at all three contact 


times in the POST samples. Alcohol displays no sporicidal activity and ethanol has 
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even been used for selective isolation of spore-forming bacteria.!2 99 161 We suspect 
that our observation might be the result of a similar selective culture process, as 
such differences were not observed in the END samples. It is possible the spore- 
forming bacteria were present, but were not detected as commonly in the END 
samples as in the POST samples, due to an overall increase in bacterial colonies on 
the agar plate. To our knowledge, this is the first study that demonstrates a 
difference in culture rate for spore-forming bacteria after surgical hand preparation 
using pure alcohol rubs (MPS and IPS). The spore-forming bacteria isolated in our 
study were of low virulence and are rarely cultured from infected wounds. 
Nonetheless, this finding should be considered when choosing surgical hand rubs 
for immune-compromised patients, or for surgeries in which infection would be 


catastrophic - such as internal fixation or joint replacement. 


5.4 Surgical site infection rate 

Due to the small case number, we did not expect to see any significant difference 
in surgical site infection rate that would allow meaningful statistical analysis. Only 
one SSI occurred during the study period. Interestingly, Staphylococcus 
pseudintermedius was isolated from the infected incision. In this case, 
Staphylococcus pseudintermedius was not cultured from either the surgeon or the 
assistant, suggesting that the infection may occur from a source other than residual 
hand bacteria. The exact relationship between bacterial burden on a surgeon's 
hands and the surgical infection rate remains unknown. Several human studies have 
shown that in modern surgery environments, the SSI rate did not differ significantly 


when ABRs were used, compared with the results for plain soap hand-washing and 
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CH scrubbing.!33.134.137 Another study showed that glove perforation was associated 
with a significant increase in infection rate if no antimicrobial prophylaxis was 
administered.!33 These studies highlight the concept that SSI is a multi-factorial 
complication. Surgery type, surgeon and patient preparation, operating room 
behavior and tissue trauma are all important variables for SSI.!7 Similar research is 
lacking in veterinary medicine and would require a large-scale multi-institutional 
study. Nonetheless, such work is needed to help elucidate the clinical benefit to 


veterinary patients of different surgical hand antisepsis protocols. 


5.5 Limitations 

Several limitations in this study are noted. First, the participants and authors 
were not blinded to specific products used, or contact time. Second, only sheep- 
blood agar plates were used for the culturing. The use of MacConkey agar plates 
would have allowed for the identification of a greater spectrum of gram-negative 
bacteria. Third, the average duration of surgery in our study was relatively short, 
and no cumulative effects were tested. Thus, our data should be interpreted with 
caution for operations of longer duration and for clinical settings in which repeated 
surgical hand preparations are performed throughout a single day. Lastly, 
neutralizing agents for CH were not added to any of the samples. Controversy 
persists as to whether residual neutralizing agents on the skin can reduce the 
effectiveness of surgical hand preparation, or whether the antimicrobial activity of 


non-volatile CH would improve due to a residue effect.!^! 
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Different neutralizers, of unknown efficacies, used in various studies further 
complicate any comparison with our results. At the time of this study, the US FDA 
had not provided clear guidelines on whether neutralizing agents should be used in 
studies evaluation surgical hand preparation protocols, but has recommended that 
all research reports should clearly state the neutralization status to facilitate the 
comparison of results across studies.!?! Considering that historically studies in 
veterinary medicine have been performed without the use of neutralizer,!43,162,163 
we chose not to use a neutralizer in our research. Additionally, neutralization agents 
have been shown to be most effective when added directly to the sampling fluid.!^! 
Considering our study design, a neutralization agent could potential negate any 
residual effect of an antiseptic agent and might increase the risk of post-surgical 
complications since no additional hand preparation was performed between the 
first sample collection (after preparation) and second sampling (by the end of 


surgery). 


5.6 New FDA standards for testing surgical hand antisepsis 

After the commencement of this study and manuscript submission, the FDA 
published a new standard for testing surgical hand antisepsis.!6^ The 
recommendation is that an appropriate neutralizer should be used in all recovery 
media (sampling solution, dilution fluid and plate media), and validation of such 
neutralizers is recommended. The manner in which this recommendation might 
lead to new conclusions based on studies performed previously would require 


further study. 
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The new FDA standards also proposes new criteria for bacterial log reduction in 
testing the effectiveness of surgical hand antisepsis products. The criteria are that a 
reduction of at least 2 logio on each hand within 1 min is required, and such 
reduction should not exceed baseline at 6 h.16* Using this standard, all IPS groups in 
our study would be rated ineffective because their log reduction was less than 2 


units immediately after application (Figure 2, Figure 3). 
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6 CONCLUSION AND FUTURE DIRECTIONS 
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Optimal surgical hand preparation solutions should be effective at removing 
transient bacteria and reducing bacterial regrowth. They should also cause minimal 
skin irritation and generate the least amount of waste. In this study, using both 
alcohol-based and non-alcohol based solutions effectively reduced bacterial counts 
at all product/time combinations. However, the findings indicate that pure alcohol 
products, such as MPS and IPS, were not as effective as CH products when used by 
veterinary students. Alcohol products achieved lower logCFU bacterial reductions as 
measured after surgical hand preparation and at the end of surgery, and were 
associated with higher observed positive culture rates, compared with products 
containing chlorhexidine gluconate. Increase in contact time failed to improve the 
immediate antibacterial efficacy in both alcohol and CH based solution. The results 
of our study suggest veterinary students should use CH hand scrub or ES/CH rubs 
for surgical hand preparation. These results may also prove pertinent for other 
veterinary surgeons; however, further research is needed on the various surgical 
hand preparation products and procedures among other groups. A larger body of 
empirical knowledge would enable meaningful comparisons and recommendations 


to be derived. 
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